Résumé. 2014 Abstract. 2014 It is shown that in nematic liquid crystals the disclinations which are attached to the external boundaries of the specimens can be described by a Peierls-Nabarro type model known from the theory of crystal dislocations. Mathematically, dislocations with planar cores and surface disclinations are then completely analogous if the isotropic one-constant approximation and a planar distribution of the director are assumed. Solutions are first given for disclinations in a halfcylinder of large radius and the possibility of an asymmetry in the distribution of the director on the surfaces, which may be caused by an asymmetry in the anchoring forces, is discussed. Disclinations confined to one of the surfaces of a thin nematic layer are also studied. It is shown that the boundary conditions on the other surface may introduce an asymmetry into the distribution of the director in the bulk of the specimen. This long-range asymmetry should be distinguished from the intrinsic, short range asymmetry. 
1. Introduction. -Disclinations are common defects encountered in liquid crystals. Their description generally requires both a topological study of the distribution of the director (for a review see [1] ) and considerations of energy which have usually been based on the linear elastic theory of Oseen [2] and Frank [3] . In the case of a nematic liquid crystal the density of the elastic energy is where n is the director (unit vector in the local direction of the molecules). The three terms represent splay, bend and twist respectively; Kt, K2, K3 are the corresponding elastic constants. A great variety of disclinations are observed in different experiments.
We shall distinguish here between defects which occur in the bulk of the specimen and those which are confined to external surfaces.
On the one-constant approximation Frank [3] suggested the following planar solutions of the Euler equations of f f dV for the twist and wedge disclinations in the bulk of the specimen : 0 is the angle between the director and a given axis, ç is the polar angle in a plane perpendicular to the disclination line and S is the strength of the disclination and is equal to either an integer or half-integer. ( On a path around the line the inclination of the molecules changes by 2 
nS).
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For the anisotropic case (KI i= K2 i= K3) it was shown by Dzyaloshinkij [4] that the same planar solutions may be obtained for the wedge disclinations (with the exception of S = 1) but not for the twist disclinations. The solutions given by (2) are singular on the disclination line and give rise to the energy which diverges logarithmically on the line similarly as the elastic energy of crystal dislocations. However, for the case of integral strength (S = + 1, ± 2, ...) there is a possibility of completely removing the singularity by allowing the director to rotate slowly in the third dimension towards the direction of the disclination line. Such solutions have been worked out in detail by Cladis and Kléman [5] for the case of wedge disclinations and Meyer [6] has shown that this is also possible for twist disclinations. A similar possibility does not exist for half-integer disclinations whose director is always multivalued on the line. To study the core structure of these lines a microscopic molecular theory is needed. This basic difference between integral and half-integral disclination lines is to be related to the analogy between half-integer disclinated crystals and Moebius crystals.
Hence two fundamentally different types of disclinations may exist in the bulk : coreless integer lines and half-integer lines which possess cores similar to dislocations in crystals. This classification applies not only to straight disclination lines but to any kind of disclination loop which may be of mixed wedge-twist character.
Surface defects were first observed and studied in detail by Friedel and Grandjean [7] . Their observations have been extended recently and systematized using the concept of a disclination [8, 9, 10] which was unknown to the former authors. These defects always lie in the interface between the liquid crystal with its supporting substrate (e. g. glass) and not on the free surface. The characteristic feature of these lines is that they are much wider than disclination lines in the bulk. This suggests that their core is spread on the surface. Another experimental feature is the asymmetrical distribution of the director sometimes observed in the vicinity of the line (9) .
We define the strength E of a surface disclination as 1/2 n the différence A0 between the inclination of the director on either side of the disclination line measured on the surface far from the disclination. This definition allows for the existence of surface disclinations of any strength 1 = AO/2 n; a complementary disclination of strength Lc, defined by 1 + Lc = S, where S is an integer or half-integer, is regarded as being virtual and outside the specimen. The disclination line of strength L i= S is for example obtained when two misoriented microcrystallites melt into the nematic phase ; such a line then appears on the surface at the common junction of the two crystallites, assuming that the anchoring boundary conditions are the same in both nematic and solid state (see Fig. 1 ). Since [13] ).
Similarly, the core structure of surface disclinations may be regarded as determined by a balance between surface terms (arising from the anchoring energy) and bulk terms. The distribution of the director in the core is then determined by the dependence of the surface energy on the inclination, 0, of the director from the energetically most favourable direction.
In the present paper a model of the core structure of surface disclinations will be formulated in complete analogy with the Peierls-Nabarro model of dislocation cores. A simple analytical solution for the dislocation core structure in the original Peierls treatment [11] describes also the disclination core structure if a sinusoïdal dependence of the surface energy on 0 is assumed; this solution is identical with that recently suggested by Meyer [14] . Solutions for a more general dependence of the surface energy on 0 will be discussed and the possibility of an intrinsically asymmetric core structure will be investigated. Finally the properties of surface disclinations with various core structures which lie on one of the surfaces of a thin nematic layer, which is the usual experimental situation, will be discussed in detail. de Gennes' molecular field conditions [15] (see also [5] ) and thus minimize totally the elastic energy.
The energy density given by eq. (1) (5)). Eq. (5) is analogous to the condition for the balance of the elastic and restoring forces in the case of the Peierls model of a scalar dislocation [11] where y(u) is the energy of the fault created by displacing two halves of the crystal along the slip plane by an ammount u, where y is the shear modulus ; dy/du = F(u) is usually called the restoring force [13] . In (12) gives a completely symmetrical distribution of the director i. e. 0(x, z) = n -0(-x, z). Since eq. (8) figure 3 ; since the energy was found to be almost independent of p only the case of p = 1.25 is plotted. For the symmetrical restoring force given by (11) we can put W = Cw K The total energy of the disclination described by (12) can be calculated as a function of C. using eq. (14) ; this dependence is also plotted in figure 3 for the same value of R. It is seen that the energy of the disclination described by (12) The disclinations will be assumed to be on the bottom surface Oxy lying along the y axis ; both disclinations of the types described by eq. (12) and (17) (11) and (19) , respectively, the solutions (23) and (24) (iii) The boundary conditions on all surfaces limiting the specimen, not only the surface containing the disclination line, have to be taken into account when determining the distribution of the director in the bulk of the specimen. In particular, in the case of flat nematic layers, a fixed inclination of the director on the surface which does not contain the disclination, may cause an asymmetric distribution of the director in the bulk. This external asymmetry may occur as a cholesteric type layer on one side of the disclination line (see Fig. 6 ). An intrinsic asymmetry can be introduced by the boundary conditions on the surface which contains the disclination, by asymmetrical anchoring conditions. However, this asymmetry spreads only over a distance comparable with the width of the core. For the values of W/K used in this paper, which are reasonable for the experiments described in [9, 10] , this spread is too small for the resolving power of the polarizing optical microscope.
The asymmetry in the distribution of the director observed near some surface disclinations in [9] has to be attributed, therefore, to the influence of external boundaries. Intrinsicâlly asymmetric disclination cores may be expected for samples with various crystalline substrates (cleavage planes), but a higher résolution than that available in the optical microscope is needed for the observation of this asymmetry.
